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I 

iorf : 

Recent  problems  with  ondouirable  foaming  of  K^-l  fuel  at 
Severn l  missile  bases  li  'Vo  rova  led  e  need  for  i  rapid  and 
simple  test  to  rno.tsuro  the  f»»,u*  formation  churnc to.ctst  i<*s 
of  jt-Iicj  fuel,  \fter  taking  into  e*  nsidei  1 1 i •  n  the  United 
facilities  und  i.ibcr  torv  trained  personnel  available  at  "D" 
liijrl  ’’t"  Series  buses,  the  Prop<»  1  lant  I  t  i\ i:-.i  t ion  Group  (P/l> 
Group),  Tepnrtraent  5"5«3,  ’*ceu«r- 1  ed  o  stodj  be  made  to  !<ter- 
Inirxe  if  31  r.jmple  but  accurate  Sh  ke  test  culd  !>e  developed. 

A  procedure  r;is  developed,  fol  lowed  by  a  revision,  f»>r  testing 
the  foam  formation  of  l'P-1  fu  l  by  sinking  a  fuel  sample  in  t 
r  oidaiuer,  1  The  origitul  procedure  utilized  an  "vnguided" 
shaking  technique  (ML-S63-  l»t>l-»24d)  while  the  revision  utilized 
a  "guided"  blinking  technique  (Wl.~56'l-l-Gc-40) . 


pUJBCriV&S:.  .  . 

To  develop  und  evalu  itl  ar  PJ’-l  fuel  Winkr  test  procedure  (and 
any  revisions)  wit!'  respect  to  the  followir.i  parameters : 

1.  It  should  cot  relate,  to  the  *:/U  Group* r,  sa  t  iv  fee  tio:  *  i  t  h 
the  penults  of  t..i  Materials  Tea*  Laboratory  Nitre  gen 
Pi  f  fusion  Test  (ML-  j65- 1 -<»d- iO)  . 

It  should  have  n  repea  tcibi  1  i  tj  1  nnge  limit  of  ♦  'lM, 

3.  it  s|  oulJ  be  simple  in  u  ope  sum  that  on  engineer  or 
technician  with  no  previous  experience  could  1p,u  n  to 
.  -iOtiiifaoturi.lv  perform  the  test  v,ithin  «  hurt  period 
of  time, 

I,  It  should  us*  test  equipment  which  an  be  easily  pro- 
curred  or  presently  available  at  each  "f)"  and  " 

Series  «i te e 

I 

1 


] 


tVIJJU^iyNS: 

;  i 

It  In  cof.t  t  it,  et  the  prcent  tino,  tho  reliable 

no  jsu?  moot  o  f  fii.om  '  t  un  tiur.  ..‘hn*' ic  tor  i  at  ic  s  of  l. J*—  l  fuel 
b.  indue  in.  fa  m  thro  at;  in .1  sample  in  n  c«r*tai  ior, 

tioann't  ♦  it  1  fictori),  meet  ill  j.  ammo  tors  invustijn tod,  as 
ii  '  t '  i  l  ; d  holm/. 

,\  r  xjf'i  correlation  with  .'.ho  Mater  l,i)k  Tent  l.ahi.rntory  Nttrogoii 
IliffujJoh  Tort  ia  possible,  Uni-  v*  r,  Mr*  0,9'il)  probability  limit* 
lv.t:Ui  101-  confibjn  e)  pro  ext*’<*  i<*ly  high  for  m  my  r  tropics  (Figure 
,!  ant  iT-.Lle  III). 

Tho  repeatability  r«-ngt;  Miised  on  <),9f«9  probability  .  th  90# 
confidence)  exceeded  the  maximum  liuita  by  a  significant  degree 
(Figure  1  ohd  Table  111).  Taken  alone  the  shake  test  doeun't 
appear  to  be  jderjn.ito  ns  a  basin  for  establishing  an  acceptance 
level  of  fojm  form.  t  ion  foi  Rr*l  fuel  it  tlic  percent  time. 

The  original  procedure  and  its  1 evision  are  relatively  simple  to 
perform  /.itliout  pieviou®  experience.  The  revised  (or  guided) 
nhitlce  to  Jit  nape  red  to  be  the  easiest  fo'  operntors  oitii  no  ox- 
porftne.  to  l*avn  in  «  s’-ort  period  of  time. 

The  e|ui  je.v.nt  ro'pired  for  both  procedures  if*  simple,  inexpensive 
iMui  easily  p?  oni  rid,  i.i'h  one  exception,  from  most  laboratory 
rpjij.ijf.nt  distributors,  (Rf«r  to  >’i  wm  si  or  of  Result."?  for 
details . ) 

1 

I  mt.OMH;  MMT  j< £S : 

Although  t in  use  of  the  shake  test  procedures  alone  u..y  not  he 
feo.siill  ,  it  ;fiju»  t  likclj  that  th«  test  m  y  have  sumo  \  iluo  as 
(  guide.  flu  n  ike  tests  could  be*  sued  to  do  termini-  the  general 
foafi.  (u.  t  turn  .level  of  Rp-1  fuel  at  the  sites.  The  definitely 
low  -  fo.-uitn  n«l  ilgh  -  ft  icing  fuels  determined  by  )  ir.it" 
not  by  t:i<  I'/t  Croup,  could  I  t>  identified  without  further  testing. 
Those  foils  tvi  t  Ivin  a  r.wrguial  irta  toul  then  bo  sent  t  1  <1  Labor¬ 
atory  facility  foi  testing.  b„  the  Materia  Ik  T  *.  i.abor  itwry 
.VitlogcU  i)lff»iHl')ii  T of  t.  The  i:vnte  testa  »'  nild  «*s&  have  value 
l.w  1  pimple  moons  of  men  i  taring  the  foam  form  t  i  n  level,  to 
detect  .n»y  sudden  aid  unexpected  large  changes  in  the  fuel,  i. .  c .  , 
introduction  of  fi  oj  producing  c  ontaminat ion. 


-vz  io  ;o 


'  1 1 


The  twi.erirf)  tented  eonrirted  of  7T  .vui  Lnblc  samples  *f  liP-i 
fitpl,  uh  rtceiveil  from  (i  mlp*iih;  base  i  n- •  ud  i  ng  Iviv.ai'ds  HocKct 
Site*  Fairchild  AKM ,  H<»rfcep  \W. ,  Offot.t  IF",  Vandenhvrg  tin  and 
y. >fv. 


s-Kucaniiu,: 

j 

ListoH  l.vl'tn.  lit  of  an  Initial  he  loti  j-ros  o  'uiu 

1.  Ihf  Mate.*  i  >ls  Toft  1  i’.w  itur,  Aitrt  gen  isif  fusion  Tout 
(Ml-'u£>3-  1-ftL-  10)  war  u.  ed  as  a  'uide  to  begin  this  ntu>lj  . 

Thi  :-itr.e  volume  (200  ml.)  if  !!'-l  fuel.  t!u*  ..awe  temper «- 

u 

lure  (7  .  ♦_  i  K)  ,  and  the  3  *mt  teehni  joe  of  measuring 
bridge  re  ten  Hot*.  »ei'o  used  initially.  \  pre  1  i  minors 
shaking  jute  hup  established  wMcti  produced  a  voltatu:  of 
f o tun  e<|ii,'l  to  oi  greater  than  that  produced  the  nitro¬ 
gen  Diffusion  Teal. 

2.  Fa  eh  of  then*  pat  amt*  torn  .vn«  taken  one  at  a  time,  holding 

the  rutnuiiiinj;  p  U’ntftt  ere  constant*  and  investigated  to 

obtain  the  most  coni' intent  results.  The  volume  of  the 

fuel  i  nnj’lop  Mur  varied  ff'oni  l"-0-T"0  r.l ,  Gl  nn  ari  l  ’  ol^ - 

i-thjjfoe  coot  liner-;  of  'elected  aired  ,-jrd  cm  f  i  rurati  ons 

o 

were  tested.  Teats  were  conducted  at  -10  1  F.  The 

si  i-hilij.  rate  4  i”  increased  and  decreased.  Holding  the 
sh.tJ- in  rote  >:o«  pt  lit,  :>)  the  length  of  time  for-  '•’(inking 
v.:if  varied  froi.  (!  to  TO  .«*cfnd«  and  !•)  the  dtukinij  force 
ivut  inerruued  and  dec.  reiaeil.  Me umirtments  of  surf  icc  rr- 
tihtion  (time  interval,  from  termination  of  shaking  until 
the  furl  su’fice  is  no  longer  ci  replot.elv  overed  bj  bubbles! 
and  length  of  tint-  for  compl'  te  <!)  i.tfiput  i  on  0*.  bubbles  were 
Mcie.  The  number  of  foam  formation  rae ;-sur «iwn ts  t  eguired 
for  each  ample  was  set,  A  s.tiuft  to r\  vaat a inrr  c. caning 
procedure  uus  developed  and  included  in  the  test  procedure. 

D.  Develop  a  n t  of  the  hake  test  procedure 

1.  1  r  t  l  ii'iinar.y  tent  remit  >  wet  v  gathc: eu  uying  tso  iechn  j  c  inn* 

and  10  different  fueln.  Toe  te  t  procedui e  u  v  iis  point 
•.vat  then  conducted  h^  seven  mboral  >rj  peruonriel  who  had 
hod  nn  pcrcv'oy.s  contact  with  the  testing  personnel  and  also 
one  engixwor  with  no  laboietorv  experience.  Observations 
v  ore  runic  an  to  pointy  in  t hie  pmee  lure  which  were  unclear 
or  easily  mi •  umlcrritoud . 
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The  jtrocciiur-*  at  this . stage  (ML- 5b 3- 1-01-245' ,  "UnguidecT! 
shake  Tost)  ms  nent  to  Larron  \FP  site  as  au  experi¬ 
mental  tent  in  the  field.  The  result?;  of  five  un-site 
opt  rutors  u  n  reported  bnc*  Lj  1.  McKee,  GD/Autronaut  ten 
;}uulit\  Control,  shortly  thereafter  (Tuble  J). 

During  <i  eclated  fuel  teat  stud^,  t  Vundenbcrg  AFP,  OSTF 
1,  ca.  35  nacplcn  n*rc  tented  bj  one  u;  or  tt  r  u.  ing  the 
Material?8  Tost  Labor  t<  r„\  Nitrogen  Diffusion  Test  and  the 
unguidecl  shake  test  procedure.  Additional  data  vas 
collected  i'reti  ?>  on- r.  lie  p-  rsoamd  who  also  conducted  the 
ohtikc  test  using  selected  s->npler  (T?ble  1)^ 

4.,  The  f4.eilitiei  available  at  each  site  foi'  use  in  testing 
IIP—  JL  fuol  b^  the  vhakrt  tent  procedure  v. ere  studied.  Di«- 
cupsionn  srith  the  Propellant  Loading  and  Propellant  ntil- 
i ration  Croupe,  and  a  study  of  site  facility  schematics 
were  nr. 'do, 

3.  To  more  close!)  control  the  shako  test  and  to  enable 

personnel  to  nore  '{uickly  learn  aid  ptrfozm  the  test,  n 
reviuion  ms  nade.  This  consisted,  in  the  main,  of  con¬ 
trolling  the  guide  path  of  the  container  with  the  aid  of 
a  container  clamp  rind  n  guiue  rod  ( VI -35"- 1-C'l-Ah,  Figure  1) 

C.  itvaluat ion  of  the  shake  test  procedure 

1.  A  comparison  of  the  "'Jn  ;ui^ed"  v> 1 i nl e  Test  Pi  octduro 

(ML-5b~- l-f  i -‘3 15)  and  the  "Guided*1  .Shake  T<  st  Procedure 
(Ml  -36  3-1— C'J-*!V)  "as  made,  using  the  Materials  Test  i,a!>- 
unitor)  Nitrogen  Diffusion  Test  as  the  reference  value. 

The  corr.'Ku  iuon  *»a:<  made  end  the  repon tabi  1  i t«  limits  were 
determined  by  the  following  tests 

i  .  Five  ojiM'idon;  do  torr-iiucd  the  Bridge  Retention  tine 
vi i  t It  i  fre-h  ample  of  tut.  name  fuel  by  lioth  shake 
t.<st  procedures.  This  nr  patnee  ■<  >t?  repeated  three 
addition, J  times,  using  three  other  fuels.  This 
aeries  w  ir  ctiried  out  t  j  compare  the  results  of  the 
MT’l  Nitrogen  Pif fusion  tort  md  both  shake  toot  prn- 
ccdnrch  hi  well  as  to  determine  the  roproduc ibi  1  ity 
of  the  t«nl8» 


; 


J7E  1.740 

!  i  •  , 


ti,  (In*  operator  determined  the  Bridge  detention  time 
for  five  (5)  addition'll  fuele  by  both  shako  tests 
t>>  provide*  moru  complete  coverage  for  correlation 
purposes. 

c.  One  operator  determined  the  bridge  detention  time 

three  Ropuiixte  times  by  tiic  guided  shake  test,  tiring 
frewh  Samples  of  the  same  fuel.  This  sequence  wash 
repeated  with  two  additional  fuels.  This  socle*  was 
carried  out  to  determine  repeatability  of  the  procedure. 

d  In  .til  series,  a  reference  bridge  Petontion  time  was 
determined  for  each  fuel  by  the  Materials.  Tent  Labora¬ 
tory!  Mltrogcn  Diffusion  test.  One  value  for  each  fuel 
simple  van  determined  as  per  Mi  - o6~»l-0d»9(). 


HKSH.T5! 

1.  The  unguided  Simla*  tott  procedure  (MI.-‘?(»3-l-ril-24<i) 

contains  the  parameters  ahich  were  developed  initially, 
i.r.  temper -aint  e ,  shaking  rate  and  time,  container  used, 
•;  tc . 

.1*  The  result*  of  on-site  ami  off-site  t  mting  are  hIiomi  in 
T«ib i  e  I  . 

1.  All  "D"  and  '  F"  series  sites  concerned  at  present  have  a 
utility  building,  hot  and  cold  running  eater  ail  a  sink 
for  u.  c*  us  a  water  both*  Where  ice  isn't  available  to 
help  control  the  bath  temperature ,  adequate  front  can  be 
obtulne*(l  from  labors  which  form  on  the  L'  X  linee. 

4.  Figure  i  it  u  HUftinKiry  of  all  test  data  correlating  the 
Shake  Tost  procedures  and  the  Materials  Tost  Lab.n  at*>ry 
Nitrogen  Diffusion  teat.  This  graph  inelu.ka  the  (lota, 
from  ML- )ti v- i -0  l  -  _4  J  (tlnguided  ^buke  Te«  t  I’locedurc), 
from  37  fuel  t  staples  taken  at  (\f;TF  p  1  during  a  fuel  con- 
tariiu  tion  test  study  and  from  MI.-5  u~l-G_-l‘J  Guided 
Shake  Tort  Procedure). 


-/£  laid 

,  m  .  . 


Table  It  contain*  the  tc  t  result*  for  (.»)  fuelf  tested 
with  both  ainvkc  ptoccolnron  by  rivr  eperr  t«.rs  and  (b) 
fu<*2o  tinted  tin  ro  tines  by  one  opeiutor  with  the  guided 
oh  ike  tent  j»r dcsclure, 

Table  I  II  c  ntjins  tent  results  and  c,  Iciilatod  probability 
litr.iir  for  tho  (7)  fuels  tested  in  Table  II.  Ill 

bridge  re  ton  ti  on  me  i.r  itro  .irnln  for  *>•««  h  fuel,  guided  and 
unguided.  ure  recorded  togi  t ,  ei  Jti  aider  to  <:i>  loti  Late  the 
prsb-l  i litj  limits. 

I  iji  j  i  siott’t  t  h  .»  relationship  i  o  tween  tl  n  shake  test 

valuer  and  tin  probability  lii.its  for  the  seven  (7)  fuel.:. 

t  riled.  / 

/ 

Figure  3  sho  s  the  rorj-o  It.?  ion  between  tin*  guided  -  hake 
test  and  the  MTu  Nitrogen  Diffusion  T< .  ♦  v-itb  probability 
Jiiriti  sl.O’vn. 


ftS  fQV  oF  !!!  f  l:l)TS  : 

One  piece  of  e  pui  potent  (the  contain* i  u.i<  p  rlemp),  «..ieSi  eoiuiir.tM 
of  four  M)  _«i .*  1 1  part*,  Mould  have  to  e  assembled  by  GD/Astron- 
rtUticvs  o:  off*  site  personnel  for  tin*  revised  (guided'*  .shake  tcot 
pi  oce  lure  (ML**3'j3-l-h.i-4£t) .  Fa  ililj  ileus  such  uf*  pro*  rent  and 
pending  yu  opijng  point*,  present  hot  and  cold  v,  il*  i  sou*  cce,  *«nd 
any  deep  sink  can  be  utilised  an  proper  equipment 0 

*  r  tisfur  toxy  UP—  JL  fuel  sampling  procedure  is  bping  prepared  at 
the  prr  icnt  t>iao  by  Department  533-3  fur  rite  use.  This  pr  cedare 
is  to*,  bo  uieo  as  soon  us  it  «v  ilabie  at  toe  site  . 

Table  1  illuntr  t  h  the  spread  ot  luta  when  personnel  if  various 
occupation*,  »*ith  ind  without  t  b-or.it ary  experience,  conduct  the 
shake  tort.  Thin  data  cMiphin*  i  ve*  that  the  shake  t.afit  could  be  used 
to  de;t'.  j'n.i»}.c*  the  go  >i*ral  onro  formation  Uv  1  of  M’-l,  ?  f  mure 

rpe*  ific  ui..c|  ioiin  ition  is  nuceusury ,  tin?  forwarding  of  tunnple. 
for  testing  by  tin.*  Mato  isle  IT  *  t  '  Laboratory  ’Mtr  gen  Diffusion 
Tefct  would  follow. 

i 


C* 
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J'lyjur  -4  1  illustrate*  the  broad  correlation  that  e*  iet«  be  tween 
the  Vitrt>.,ci>  »Ji  f  f  Ion  tent  md  tlu  two  shake  tent  procedural; . 

A  Moi  ini  t»;  trend  i  present.  Thin  data  {-ivon  ar.  extensive  oroxe 
(section  of  tho  sink*-  test  procedure?.. 

Table  If  illustrate*,  u)  the  close  corn  pari  non  between  the  unguidcii 
and  guided.  shake  tost  results  for  a  given  fuel,  b)  the  ebf  eece  of 
an  operator  charae t« rtptic  trend  foi  separate  fuels  and  c)  the 
general  comparison  between  the  r.hnke  tests  and  the  MTL.  Nitrogen 
Diffusion  Tvnto 

Table  111  illustrates  the  high  probability  levels  (these  which 
exceed  20%)  and  standard  deviations  for  the  fuels  tested.  The 
data  from  all  five  (5)  operators  was  taken  together  to  absorb 
any  inherent  differences  in  technique. 

Figura  2  illustrate*  a)  the  general,  but  somewhat  erratic,  Increase 
in  tho  probability  limits  which  accompany  an  increase  in  Bridge 
Retention  time  for  the  unguided  shake  test  and  b)  the  systematic 
increase  in  probability  limits  with  an  increase  in  Bridge  Retention 
time  (with  one  exception)  for  the  guided  shake  test  Because  the 
guided  shake  test  results  were  not  scattered,  as  were  unguidod 
shitke  test  procedure  rcsulto,  a  further  study  of  the  guided  shake 
te-nt  procedure  r-nr  unde  nr.  nhowr  in  Figure  3,  Thin  data  Illustrate*, 
the  broad  probability  limits  of  the  guided  shake  test  procedure, 
whon  calculated  as  ()„99B  probability  with  50%  confidence. 
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